RADIOECOLOGICAL SURVEILLANCE
| OF THE ENVIRONMENT

OBJECTIVE: TO ESTABLISH Pu AND Am CONCENTRATIONS
LEVELS IN THE DIFFERENT COMPARTIMENTS OF
THE ENVIRONMENT AND THEIR TIME EVOLUTION.
TO ASSESS THE RADIOLOGICAL IMPACT ON THE
POPULATION

ACTIVITIES:

* SAMPLING, ANALYSES AND MEASUREMENT OF:

- SOILS
- AIR

-VEGETATION (WILD VEGETATION AND AGRICUL-
TURAL PRODUCTS) '

- ANIMALS (INCLUDING DERIVED FOODS)
* DATA EVALUATION

* DOSE ASSESSMENT



RADIOECOLOGICAL RESEARCH

OBJETIVE: TO IMPROVE THE KNOWLEDGE ABOUT THE
ENVIRONMENTAL BEHAVIOUR OF Pu AND Am IN THE
AREA, LEADING TO BETTER UNDERSTANDING OF THE
PROCESSES INVOLVED IN THE TRANSFER OF
ACTINIDES TO MAN AND PARAMETERS GOBERNING
THEM

ACTIVITIES:

* GEOCHEMICAL STUDIES
GRAIN SIZE DISTRIBUTION
MINERALOGICAL ASSOCIATIONS
MIGRATION IN DEPTH
SPECIATION

* RESUSPENSION

DISTRIBUTION OF RESUSPENDED PARTICLES (SIZE
AND HEIGHT)

DETERMINATION OF INHALED FRACTION
RESUSPENSION FACTORS (TIME EVOLUTION)
DUST LOAMDING AND MASS LOANDING FACTORS
MODELLING
REDISTRIBUTION OF THE CONTAMINATION

* TRANSFER FACTORS (SOIL TO PLANT)
* DERIVED INTERVENTION LEVELS

* MARINE RADIOECOLOGY
LAND-SEA TRANSPORT OF Pu AND Am
Pu AND Am INVENTORIES IN THE SEA SEDIMENT
WATER- SEDIMENT TRANSFER OF Pu AND Am _
Pu AND Am GEOCHEMISTRY IN THE SEA SEDIMENTS



RADIOLOGICAL SURVEILLANCE
OF THE POPULATION

OBJETIVE: TO ASSES INDIVIDUAL DOSES BY BIOASSAY
DATA AND DIRECT MEASUREMENT (WHOLE
BODY COUNTER)

ASSUMPTION: INHALATION AS MAJOR CRITICAL PATHWAY

ACTIVITIES:

* URINE ANALYSES OF Pu AND Am (ALFA SPECTROMETRY
MEASUREMENTS), 150 PERSONS BY YEAR

* WHOLE BODY COUNTER MEASUREMENTS, 20 PERSONS BY
YEAR

* DOSE CALCULATION
ICRP LUNG MODE

EXCRETION CURVES (LANGHAM, MOSS, JONES)

COMPLEMENTARY ACTIVITIES
* MEDICAL STUDIES (150 PERSONS BY YEAR)
BASED ON OCCUPATIONAL PROTOCOLS
EARLY DISEASE DETECTION OBJECTIVE
IMPROVEMENT OF SOCIAL ASSISTANCE

KNOWLEGE OF DEATH CUASES



| METEOROLOGICAL STUDIES

OBJECTIVES: TO OBTAIN INFORMATION IN ORDER:

- TO SUPPORT THE SURVEILLANCE PROGRAM IN
THE AREA

- TO IDENTIFY LOCAL PHENOMENA  (ANNUAL
FREQUENCY AND DISTRIBUTION)

- TO CHARACTERIZE THE RESUSPENSION PROCESS

ACTIVITIES:

* DATA COLLECTION FROM THE METEOROLOGICAL TOWERS

* DATA ANALYSES AND INTERPRETATION

* SOFTWARE DEVELOPEMENT TO OBTAIN SPECIFIC PARAMETERS
PRESENTLY A NEW METEOROLOGICAL STATION WITH SEVERAL

LEVELS OF MEASUREMENTS IS BEING INSTALLED DEALING WITH °
RESEARCH ASPECTS OF RESUSPENSION



MEDICAL STUDIES

OBJETIVE: TO KNOW THE STATE OF HEALTH OF THE
POPULATION

* BASED ON MEDICAL SURVEILLANCE FOR THE OCCU-
PATIONAL EXPOSURES WORKERS (SAFETY GUIDE 7.4
FROM THE SPANISH NUCLEAR SAFETY COUNCIL)

* EARLY DETECTION OBJETIVE

* IMPROVEMENT OF SOCILAL ASSISTANCE
* KNOWLEDGE OF DEATH CAUSES

v SAMPLE SIZE:150 PERSONS EVERY YEAR

* MEDICAL REGISTER OF POPULATION BASED ON
INDIVIDUAL FILES



'RESEARCH ON DOSIMETRIC ASPECT

NN
h
]

OBJECTIVE: TO IMPROVE THE KNOWLEDGE ON THE
METABOLIC BEHAVIOUR OF Pu AND Am IN THE
HUMAN BODY FOR INTERNAL DOSIMETRY
REQUIREMENTS

ACTIVITIES:

* DUST CHARACTERIZATION FOR BIOKINETICAL STUDIES

PHY SICO-CHEMICAL AND MINERALOGICAL CHARAC-
TERIZATION

* IN-VITRO LEACHING EXPERIMENTS
SHORT AND LONG-TERM DISSOLUTION IN LUNG

* DOSES PER UNIT INTAKE FACTORS

= PARTICIPATION IN DOSE EVALUATION INTERCOMPARISON
EXERCICES




TOTAL ANALYSES AND MEASUREMENTS FOR THE PERIOD 19661991

Pu Am TOTAL ALFA
AIR 14144 2482 513
SOIL 5448 4472 2498 3280
VEGETATION 1976 3279 1817
ANIMALS 104 152 75
BIOASSAY 2423 2423 891
WHOLE BODY
COUNTER 1.1%0 (" B00 persons)

MEDICAL
SURVEY 2093 (" B00 persons)
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AIR CONCENTRATIONS OF *Pu AND """'ll"lu AND POTENTIAL
RADIATION DOSES TO PERSONS LIVING NEAR
Pu-CONTAMINATED AREAS [N ]F'.-'ls‘][.. IMARES, SPAIN

E. Iranzo. 8. Salvador and C. E. Iranzo
Jumta de IE'.m::ng:i:\ Nuclear, 28040-Madrid. Spain

(Recenwd 30 Vav 1985 accopred 24 QOctoher 1986)

Absrract--Cn 17 January 1966, an accident during a refueling operation resulted in the destruction of an air force
KC-13% tanker and a B-52 bomber carryving four thermanuciear weapons. Two weapons, whose parachules opened.
were found intact. The others experienced non-nuclear explosion with some burning and release of the fissile fuel
at impact. Joint eHorts by the United Scares and Spain resulted in remedial action and a long-term program to
monitor the eflectiveness of the cleanup.

Air concentrations of **Pu and *'Pu have been continuously monitored since the accident. The average annual
air concentration for each location wias used to estimate commirted dose equivalents for individuals living and
warking around the air sampling stations. The average annual Py and **Pu air concentrations during the 15-y
period «|Jwr1'1='.|:»0mn|mui' to I‘NSHE)-I‘HFI() and the potential commirted dose equivalents for various tisswes due to the

inhalation of the **Pu and “"Pu average annual air concentration during this period are shown and discussed in

the report.

INTRODUCTION

O~ 7 Januars 1966, there was an aviaton accigdent above
the town of Palomares (Cuevas de Almanzora) in south-
eastern Spain. As 2 consequence of this acaident. four
thermoenuclear bombs carmed bty one of the planes tell.
and at impact. the nuclear fuel in two of themn parually
ignited. This gave mise 1o the formation of an aerosol.
w I'n«: h I ovar ira g Jegrees o ‘f' m :uz' ml’ umdw- contaminated ap-

and ur m n Jﬂ £as.

The comaminated region and the full exient of the
areas corresponding to the different levels of resulung
a-radiation contamination measured in the 1;)1:'r'i(:»<d im-
mediately following the accident are shown in Fi]i’ . The
poinis of impact of the two thermonuclear devices (which
due 10 the numbenng assigned them, correspond 1o bormbs
v and 3. respecuvely), are indicated in Fig. 1. The other
w0 bombs were recovered intact. one in the dry niver bed
near the mouth of the Almanzora River and the other
one in the sea.

Where the total soil surface o -mlrn.nrnmr:.:uu:um Vi alues
were greater than 118 MBg « m™ 32 uCi X m “*). the
comaminated vegetation and surface laver of soil (ap-
provimatels 10 cm deep) were collected. separated and
disposed of as radioactive waste. The rest of the contam-
imated ared. devoted 1o agnculure, was rmgated thor.
ovughlv. plowed 10 a depth of approximately 30 ¢m. and
subjected to a hght homogenization 10 reduce the con-

>

cemration of radionuclides contaminating the soil surace
by diluting thern in noncontaminated (below the surface)
soil. This procedure reduced the a concentration 1o levels
considered sufficiently safe. so there would not be any
unacceptable existing Pu-isotope inhalation risks from
resuspension 1o people living in this area or farming the
land.

At the ume the decontamination operations in the
area were finished by removing the wastes and restoring
the farmland. a research program was begun.

To maimain constant reference for the various pro-
posed studies on air, vegetation, soil and persons in the
Palomares area. the area comarminated during the actident
has been subdivided into three zones. These zones cor-
respond respectively to the two which were greatly influ-
enced by comamination arising from each of the ther-
monuclear bombs m at broke up and partially ignited and
1o the urban zone in which 90% of the population lives.
The two zones lc'()rn sponding to the impact points have
been called 2 and 3. in accordance with the numnbering
of the bombs which h:'l]\ in them. the :umm' containing the
urban area has been labetled 5. In Fig. 1. the relauve io-
cation of each one of these zones and its baundaries are
shown.

The purposes of our study of air contamination in
the area include:

o Measurement of existing ~"Pu and “*'Pu concen-
trations in the air of some zones of the area.
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Fig. 1. Palomares area with onginal surtace comtamination levels and location of air sampling stations. Black spots
- ] > -3
show the locanon of houses.
o Determination of the mhalatuon nsk for people %wmgg:mmrnmmnmuNMlimmﬁmﬂmm:umloncﬁnzm

uwwﬂmcoﬂfmmwmm1mwwm1mmwn;wmtmmmherhnzc

Iving and farming i othe 3. and as a consequence. the
internal radiation nisk for permanent inhabnants. includ- In Fig. |. the location of each s shown. The numbe
ing chidren. lmmMmoﬁhmmmmmMmﬁmmmmwmmmmmMMW

o Practical deduction about whether the decontam- into account the size of the area. its topographical

ination and restoration actions in the ared were COrTect. acmwﬂﬂmsmmﬂnmtdwmmmWﬂmmmmcMmHMMM0m
mndconmxumnuypthmeuermonﬂmmﬂnmmonWQJHmd Characteri ics of the area surrounding the four
10 estimate the future residual contaminauon rsk was pling stations are as follows:
adequate . PR : .
Station 2-1. The station was located 1n the sma
In this report the following matters are presented lev whose boundarie e the hills around the po
and discussed: hmmm1MmeMmmmLlmﬂmmmﬁhnmmmymwmm
2 . : . area is rocky and has little brush or other wild ¢
w;mmmmmsmmmmm'“Wmummi”quanwxmmmmmmmmm; 1;“23;;3H$"2PﬂJT:Jtzzmﬂr;wwmmau:una?ﬂﬁ
L . >y " ecause of these charactenstcs, pic WS NOt P
(hﬂmu;mmrHL\mmmmﬂhmwmmwomdwmmmiHMM»JQ%U. had . ' . - b L" iy F
" ’ e AT The station was located in the center of an area in
o Potential comminted dose equivalents for vanous \ IR e
eetiac die 1 » ; D ] S the surface contamination levels originatung from 1
tissues due to the inhalation of “**Pu and “"'Pu average . = hne g ‘ TR M
) ; e e memen] AT NYIN: cident ranged. at that time. from 1.18 MBq *<'m
annual air concentration as an aerosol of 1 um (AMALD) (Cixm™y o 118 x 107 MBg wm= (3.9 uCi x
I, ; . - L . 1 A1) O 1. ) B¢ < T [ Jay 7L G [
by the ICRP Reference Man dunng the 15-v period 1966- b -
1980. Sration 2.2, This station is located on a par
F

land devoted 1o farming and near a small group ot dw

AMPLING AND ANALYTICAL houses. In this parcel and its environs. surface cor
PROCEDLURE mMmmWanmtmwwanwBXMT‘Ml

‘ ) 3q X m
;MHXwPWMMlJSXmU*Wm@xmfﬂQ Ci x

> L sampling HmwwmmsmﬂﬁwwmmmnﬂnmmwﬂcwmmmmoIJB
Throughout the area. four sampling stations were set Mmqxmm”(“"mﬁ)<mwﬂmmmwﬂnwwmmr
L foreeees two in zone 2. because it 1§ the most extensive and areas. i .
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Starion P. This station is located in the town and is
considered representative of the air breathed by people
living 1n the urban center, as it is in a place that is open
to the prevailing winds, which come from the contami-
nated sectors. The surface contamination in the parcel in
which it 1s located. and those around it, was less than 11.8
kBg X m~" (0.32 uCi X m™).

Station 3-2. This station was
a flat strip of cuitivared land, which, if the surrounding
land near the point of impact is not considerad, would
have greater contamination due w. the impact of bomb
no. 3 1t is 5 m below the level at which the impact oc.
curred. Surface o conmtamination of parcels near the sam-
pling station ranged between 1,18 MBg X m™2? (32 uCi
X m)and 11.8 kBq X m™ (0.32 uCi X m™%),

Al station 2-2 and P. air samples were taken daily
throughout the penod [966-1980; at stations 2-1 and
3-1. samples were collected every dav during the period
from July 1966 1o October 1969, Collecting sarnples from
stauons 2«1 and 3-1 were discontinued because of frequent
disturbances 1n the wiring to thetr power supplies due to
farming pracuces.

Aur sampling 1s continuing and. since 1981, deter-

mination of **'Am has been included in the analvsis of

the samples.

The sampling stations consist of a filter holder, a
1425 mpm. one-third horsepower suclion pump. i gas me-
ter for measuring the air volurne. and a voltage regulator.
Except for the flier holder. this equiprnent is inside a
small wooden booth which protects it from the weather.
The hlter holder was placed at a height of 1.70 m above
the ground.

Filters used are of a cellulose tvpe having a 47-mm
diameter and 0.8-um mesh: the dalv aerosol sample wken
corresponds to an average air volume of 50 m”, for the

-4-h perod.
2.2 Analvses

Analvses were performed on composite samples,
corresponding 10 a period of 10 d. for each of the sampling
stations. This means that the specirometric measurement
of each compound sample corresponds 10 an air volume
of about 900 m*.

The radioanalvtical techaique used 10 determine the
concentration of “*Pu and “*Pu in the acrosol samples
basically includes Pu dissolution using nitric acid. sepa-
ration by ionic exchange. electroplating on stainless steel
planchets and a-spectromelric measurement of the o ac-
vty

The analvtical wechnique is as follows:

Filiers corresponding 1o the aerosol samples for each
10-d period are subjected 10 concentrated nitric acid wer
digestion at temperatures of 250°C and 300°C unul a
white-colored residue is obtained: homogeneous heating
15 carned out in Al blocks. To calculate the efficiency of
the procedures for each sample. | mL of standard “**Pu
solunion. in the early vears. and later a “**Pu solution which

reontains 30 mBq (1.35 pCi) was added.

located in the center of

The residue is dissolved in 50 ml of 8 M nitric acid
solution. and then the solution is passed through ion ex-
change resin® (50--80 mesh) in chloride form, at a fow
rate on the order of 1 mL/min. During this phase of the
analyses, the Pu and Th are retained in the resin,

To eliminate the small amount of U that the resin
might have retained, washing is carried out several times
with 8 M mitric acid until a sotal 150-mL volume 15 ob-
tained. To eliminate the Th retained in the resin, the col-
umn is washed once with 12 n HCl and the wash efluent
is discarded.

Some grains of hvdroxvlammonium-chloride are
added to the resin column and the Pu fixed in the resin
is eluted by means of three washes with § mL of 0.5 ~
HCL The effluents are dried at a temperature not 1o exceed
80°C. dissolved again in the concentrated HC1 and are
dried again at the same temperature as before. These dned
residues are dissolved in | N hvdrochloric acid.

Four percent ammonium oxalate is added o the |
~ hvdrochloric acid solution and it is subjected o elec.
trolvsis. The Pu is electroplated onto the 1 4-mm-diameter
stainless sieel planchet at a power of 20 V and a current
intensity of 200 mA for 3 h.

The planchets are measured by o spectrometry with
Si barrier detectors having an active area of 300 mm- and
a multichannel pulse height analvzer. The counting effi-
ciency of the equipment used is on the order of 31%.

The detection limit of the method is 1.8 uBq x m™’
(2 % 107" fCi %X m™Y). which is equivalent to 107* of the
derived air concentration (DAC) for “*Pu and “*Pu
compounds of Class Y to radiation workers.

3. RESULTS AND DISCUSSIONS

The results of *“Pu and “*Pu concentrations in
sarmnples taken at the mr sampling stations and the poten.
tial committed dose equivalents 1o vanous tssues i1 the
scenario of continuous exposure 1o inhalation of the av-
erage annual concentrations by the dwellers of Palomare:
are discussed below,

3.1, Air concenration of ***Pu and “*°Pu

In accordance with the annual limit on intake (ALL.
the DACSs for **Pu and “*Pu recommended by the In-
ternational Commission on  Radiological Protection
(ICRPY in its Pubfication No. 30. for radiation workers
exposed 2000 h per working vear are the following:

Class Y compounds: 200 mBq xm™ (5.4 pCixm™)

Class W compounds: 80 mBg X m™ (2.16 pCix m™).

As the ICRP still has not established ALI and DAC
values for the public and has suggesied the use of a fifueth
or a hundredth of the values for established radiation
workers. we have decided to use values that could be more

* Dowex AG-1X-2, Bio Rad Laboratones. 32nd & Gnfhn. Rich-
mond. CA.
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or less equivalent 1o those that might be recommended
in the future by the ICRP.

People in the Palomares area should be considered
wmwnumawvmmmmgumﬂwmmummmmmyauxmmd:mmMu.th
15. 8.760 h y~'

Taking into consideration the ratio between annual
dose limits recommended for workers and members of
the public | mwhwh?ﬂf'IOI.mmdﬂnwmwmmmnmmcmwwmwv
of the public in the area (an adult Reference Man breath-
ing volume = 23 m? x d”'), it has been calculated that
the DACs of **Pu and **'Pu for members of the public
are the following:

Class Y: 5.9mBgxm™(0.16 pCixm™Y

Class W: 2.4 mBg>xm™"(0.06 pCixm~?).

Because we are dealing with people living in an urban
zone and some of them will continue to live there for their
lifeurme in agncultural work, we applied the ICRP réc.
ommendation that. in such cases. the annual effective dose
equivalent hirmit should be reduced so that the effective
dose equivalent throughouwt their lives corresponds. at a
1ﬂ4anum11othawuhwwvsuhmu’wnw1umwnumpal m&y
(0.1 remi mean annual effective dose equivalent rate.
Consequently. we adopted the following values for the
DAC. which we designate DAC (general public) in this
report.

Class Y 1.2 mBgxm™ (32 fCixm™

Class W: 0.8mBgxm (13 1Cixm™?

Apnl 1987, Volume 52, Number 4

We believe that the Pu aerosols are found as ox
Pu0s, such as were formed during the burning of the ¢
monuclear bombs at impact. Consequently. the cor
mun*xmmmmxmmlmmlwmmmnglmucu.ummmwmwﬂ'ww
thase derived from the concentration of ***Pu and ~
and the DAC for Class Y compounds.

A comnparative study to consider the presence of €
wv:mmmmmmmm.mwwnnmdmtvﬁ to assure ourseives
maximum protection was being provided.

The analyses of the values obtained for the **Pu
H0py concentrations in the air samples taken in the
ornares area during the period 19661980 and their ¢
parison with the DAC limits set forth in the prece
paragraphs allow us 1o make the following observat
and conclusions:

(a) In the air samples taken at the four samp
stations. the frequency of **Pu and **'Pu particles in«
centrations exceeding the detection limit, 1.8 uBq
(0.05 fCi % m™2), are shown in.Fig. 2. From the va
shown in Table 1.

It can be concluded that;

o Plutonium-239 and ““'Pu particles are resuspen
in the air. The presence of such parucies has been e
lished in samples taken at the four statons.

v The frequency of the existence of Pu has b
varving as a function of ime for each one of the samp
stauons.

o The sampling station location with regard (c
sidual contarmination, taken as the average annual ;
centage of concentrations greater than the detection |
dunng the penod 1966-1969. was 37.0 in the urban z

a0 ] T T Y T b T T T T
[.Ye) dﬁ‘"""""‘o -
o\ \~
\\ 0\ & STATION 3-2
4
70 --\ \, /\ \ & STATION 2-1 -
AA\ \ \~ o STATION 2-2

60 b/ \ \ \ » STATION #
o o \ ‘Il.i ‘(.,
(L] h K
“ \ '\\ \
- 30 1 N, )
£ 4:& \ (' \
ta N \ \
) ‘§~ \ \\
& a0 '~ \ \ \
it y
! \z:» \

N \\ () wnmunmmmnnun t:;
30 \ ;~.~ \ \
v O\ o \ Ox
~~ N ~\ ”' h A
20 r \ \ \ /N
\ @ : / O,
h ) enmmsnmmne 3, / W,
~~ ", 4’ \n.. "
10 N~ "~ 3’ " y
\ iy
\ /
N“ e 1 gans () e ) oy, gen B
¢] L J i d ey, 'i,....--------ql"""'- b d oy ‘|h el d b k '
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Fig. 2. Percentage of air samples with a **Pu and

Py concentration exceeding the detecton hmn
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Table 1. Percentage of arr samples with a *Pu and **“Pu con-
centration exceeding the detecuion limit (1.8 uBg x m™") dun ng
the period 19661980

YEAR AR SAMPLING STATION

2~ 22 Pl 3.2
1 966 77 E 80.0 571 g4 2
1967 478 81e 74 3 871
1 968 371 | m& G 26 5 48 0
1969 240 3133 28 14 8
1970 333 28
197 139 | 0
1972 38 |0
1973 83 ' 28 :
974 P250 | 28 |
vere | R -
378 83 . 28
97T 133 19 4
978 113 0 gg
TG Cozta 0 iy
TR 514 341 |

6z " 200 1e? 0 oagn
vee.ves | SET 80T 37T 1 ag -

(station P while at station 2-2. it was 60.0: values cor-
responding 1o these average annual percentages at slatons

--land 3-2 were 42.7 and 49.1. respectively.
* Forsamples taken at staton 2-2 and station P dur-

ing the penod 1966~ 19X0. the average annual percentage
of concentrations greater than the detection himit was 33
at staton 2-2, while at staton P it was 14.7

At station 2-2 and station P, the maximum values
for the sampling percentage with a ***Pu and ““Pu content
in excess of vhw detection Limit occurred in ‘%7 with
values of 81.% and 74,3, respectively. At station 2-2. min-
imum percentages of samples having a *>*Pu ::.:nd py
content in excess of the detection limit occurred in 1973
and 1976, with a value of 8.3 in both cases. As of 1977,
anncrease in values began and reached a value of $1.4%
by 1980. This means that as of 1977, the resuspension of
existing *Pu and “*Pu in the soil of zone 2 increased.
as evidenced by the fraction of measurements above the
detection limit at station 2-2. The resuspension increase
was. as can be proven, related to earth moving without
previous watering on farmlands tocated in parts of zone
= which either had not been cultivated since the aceident
or never had been cultivated. because it 1s hillv terrain
corered with poor-quality, wild vegetation,

. Asof 19 E)Jt:. the number of sarples at station P with
a -™Pu and **"Pu content greater than the detection limit

dirmmshed considerably. so that between 1969 and 1976,

percemages of samples with a content exceeding the de-

wection limit wene berween 2.8 and 0. As of 1977, and in
the case of station 2-2, an increase in these percentages
occurred, reaching a value of 34.3 in 1980, which we think
was due to earth movement, especially in zones 2 and §,
in order to convert uncultivated land into cultivated land
and to build greenhouses. '

(b) Average annual concentrations of ***Pu and
39py have been assessed via the 10-d composite samples
1mwnwwwvummnthmmmmeMmmTmemmwﬂm
the average annual ***Pu and **Pu air concentration dur-
ing the 13-y period I‘J"Eu.»-- 1980 for stations 2-2 and P are
those shown m T .|Ihlh:' 2. Average annual concentrations
for stations 2-1 and 3-2 during the period 196669 are
also shown,

To be conservative, we assumed that all Pu is re.
spirable with an AMAD of I wm and no account has been
made for the Pu in the sample arising from nuclear fallout.

From the air concentration values shown in Table
2. we can amve at the following:

o Most of the averags annual concentrations of =Py
and ““Pu in the air have been less than a tenth of the
calculared DAC ( 41;1"!1\1!' ) p»ul’»lur'i of Class Y Pu compouncls
[1.2 mBg x m™ (32 fCi x m™), at all the sampling
..1.41:(mm .rru.l in .:JI vears 'suundl'c'*du '1"1h<" w:'m:-t:l:n‘.i(:vm; corre-
and 1969) and

air !n!.I'TII:)IJ\lM; Sul,':ll,l(.)l'.l ‘ ‘l (Jl 969).

o With the exception of | v (1967 at station -2
the average concentration values have also been less than
the DAC (general publicy values for Class W Pu com-
pounds [0.5 mBq x m™ (13 fCi X m™").

o At station P. whose values are representative of
the exposure of the Palomares dwellers, the maximum

Table 2. Average annual concentrations of “*Pu and ““Pu in
the air dunng the penod 19661980

CONCENTRATION AT THE STATION
YEA&R {wBaaxm*Y)

2=1 | 2=2 | P | 3=2
1966 41 8 448 | 4B | 274
1967 152 4418 | &1 | 130
196 8 TO | 218 26 [ 33
1969 1610 | 1421 2.6 | 141
1970 L sy 22 |
1971 22 | €18 |
1972 0a | €18
1973 30 0 22
1974 81 . 4
1978 163 | 1@ .
1976 44 €1y !
19Ty 118 56 5
C97Te 16 7 2%
1979 19 2 56
19RO 329 2B ‘
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average annual concentration was in 1966, 14.8 uBq
XWPHQJWIMWFMamﬂMmudmmmwmumm'Mwm
for the period 1968 1o 1976 remained more or less con-
stant. ‘

As of 1977, the annual concentration of activity in-
creased. and in 1980 it reached the maximum values for
the entire period, 28 uBq X m™* (0.76 fCi X m™’). This
increase was, as previously indicated. related to earth
movement without previous walering o reshape a part
of the hilly werrain with residual surface contamination
corresponding to zone 2 and some tracts of uncultivated
land corresponding to zoné 5 into cultivable parcels.

Values from station | epresentative of the
dowmmimﬂuemm!nfwwmkhugmmmmmMmmMMIMmMMwmmM»
pension) and of sorne persisience of some of the onginal
contamination in the hillv zone, because the siope and
large number of rocks prevented plowing duning the orig-
inal remedial action activities. The maximum average
Jnnumlmnu«mmmuum|mumwumlull@u,*wnh.nvNMWtﬂ
442 uBg x m~ (11,9 T x m™. coinciding with renewed
culuvation of the zone after the accident. Between 1970
and 1976 stabihzation of the activity concentration oc¢-
curred with relatively small fluctuation. Beginning in
1977, and as in the case of station P, the annual concen-
tration of activity increased again. reaching a value of 33
uBg xm ‘(.591L1x~w15]n1nm'wmn15@0

Values for the “**Pu and “*°Pu air concentration cor-
responding 1o the entre penod. and especially the & v
dMFwwl+w1mmej\Wz/nHMN)\mmmjmmmﬂnh'qunw;m
station 2-2 than at the others. These were related to the
resicdul contamunaton in the hilly area and to proximity
10 the area in which carth movement occurred as of 1977,

The maxuimum value for a single 10-d “**Pu and ““Pu
compusite ar concentration corresponds o station -1,
93 mBg < m”'(0.28 pCJ><nn”%;nnsumhmrmmmwmmi
Junng the month of August 1967, and was the only one
exceeding the DAC for the public of Class Y Pu com-
pounds [5.9 mBg x m™"(0.16 pCi X m™).

Concentrations exceeding the DAC (general public)
of Class Y Pu compounds [ 1.2 mBq X m™? (32 fCi x m™)
onlv have been produced during 1966-69 in four 10-d
periods. three of which corresponded to station 2-2 and
one o station 2-1. The latter ocourred in 1969, and the
others corresponding to station 2-2 in the vears 1967 (two
10-d pernods) and 1969 (one 10-d period). It should be
recalled that the DAC (general public). as used in this
paper is about 170 times below that used bv ICRP for
workers.

Concentrations exceeding the DAC (general public)
of Class W Pu compounds occurred dunng the pe-
rod 1966-69 in five 10-d periods. Of these. one corre-
sponde 2

d 10 station 2-1. and four to station 2-2. During
IWHMWMHQW)HMODMVWWMWﬁﬂme.Nwﬂmﬂn
2 was this DAC (general public) exceeded

o The mean values for average annual concentra-
nons of “*Pu and ~*“Pu 1n air for each of the sampling
stations dunng the penod 1966~69 were the following:

April 1987, Volume §2, Number 4

Station 2-1:  §6 uBg X m™ (1.5 fCi X m
Station 2-2: 160 uBq X m™ (4.4 fCixr

Seation P16 uBqXm™2(0.18 fCixXm -
Station 3-2: 14 uBg X m™(0.39 [Cixr

The aver

g¢ air concentration values of

Mopy during the entire period 19661980 we
lowing:

Station 222 52 uBq (1.4 Cixm™)
Station P 5.5 uBq (0.15 Cixm™

Bv comparing the average concentration
ing each of the periods studied at each of the
stations with the DAC values, one can conclu

o In the urban area, P, the average com
both for the period 1966-69 as well as the per
1980, hrshwnxhﬂmuwakmwﬂhmﬁh«ﬂ1mw DA
public) for Class Y Pu compounds and belos
entieth of the DAC (general public) for Class V
pounds.

o In the farming zone. 2-2. the average con
for the period 1966~ 1980 was below a tenth o
(general public) for Class Y Pu compounds o
arder of a tenth of the correspondcling DAC (gene
for Class W Pu compounds. During the penoc
nmnmmwmwwmwmwlumnonammrwmsbmmmrmmd

ral public) for Class Y and Class W compour

o During the period 1966-69, the avera;
tration in sampling stations 2-1 and 3.2 was bel
of the DAC (general public) of Class Y Pu ¢
and below the DAC (general public) of Class v
pounds.

3.2, Porential commitied dose equivalents 1o |
For sampling stations P and 2-2. which
sentative of the risk in the urban center anc
significant farming area (eritical group zone), w
culated the committec dose equivalents rece
assumed inhalation of the average annual “**Pu
concentrations shown in Table 2 for the per
1980. The committed dose equivalents to van
and tissues have been calculated by means of
Sv/Bq, for commitied dose equivalents pe
of inhalation intake recommended by the In:
Commission on Radiological Protection (ICR
K. F. Eclerman (Ec81).
W%mlmmmmmMiwwnwumﬂJduw-ﬂmmv&hn;
and a mean 2 wwmwdumz(ﬁmﬁﬂlﬂ of | um an
Figs. 3 and 4 for each vear. In Fig. 3 the comn
mmmmewmmmmemmeMme fed bor
mmdﬁmmmwsolmwmﬂrnﬂummemnzmmm.van
4 the valyes for people in the cultivated zon
WI:A%drmmwnnurwk station 2-2. are shown,
Erom the discussion of values calculated fc
gans the following has been deduced:

o
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» The potennal commitied dose equivalent 10 bone
surfaces is the highest and the summation of the com-
mitted dose equivalents for each of the 15 v duning the
prriod 1966-1980 shows a value of 0.5637 mSv (56.37
mrem) for people in the urban z2one and $.4187 mS
{541.9 mrem) for people in the zone around station 2-2.
hs contribution 10 the comrniried effective dose equivalent
10 people mmnp the 15 v will be 0.0169 mSv (1.69 mrem)
and 0.1625 mSv (16.25 mrern) at each zone. respectively.

The 101a] potential ¢ :»rrnrruun:ud dose equivalents for
the other organs and their contribution to the committed
effective dose equivalent during the period 1966--1980, at
each ‘umm: are shown in Tables 3 and 4 respectively.

The ICRP has recommended a value of | mSv
(0.} wm) for the effective annual dose equivalent limit
for individuals in the population who might be exposed
over a long penod of their lives. Bearing this in mind. the
annua: limiting dose equivalent value for each particular
Orgar. considering its exposure 1o the exclusion of the
others and keeping in mind the organ weighting factor
for stochastic effects. is ' m8v (3333 mrem) for the
bone surface. 8.33 mSv (832 mrem) for the Jungs. 16.67
mSy (1667 mrern) for the liver. 8.33 mSv (833 mrem) for
red bone marrow and 4 m$y (400 mrem) for gonads.

On rompanng the values of the commitied dose
equivalents calculated for each organ with those deduced
and presented in the previous paragraph for the separate
exposure of each orgar. and in considering the exclusion
of the others. we car. observe thal the total commitied
dose equivalen: values for each organ during the 15
e r'md are less than the annual limits for the o rEan.

The conmtribution of the commitied dose equIva-
lt:"n‘us in the five organs 10 the polential commitied effective
dose equivalent 1o people during the 15\ period 1966~
1980 js 0.0544 mSy (5£.44 mrem) in the urban area and
(3224 mSy (82.24 mrem) in the arez which corresponds
1o the crucal group

4. CONCLUSIONS

From the discussion of the resulis given in the pre-
Vious secuons. the foliowing conclusions can be deduced.
() With the exception of the urban zone durn ng

19711972, and 1975 atall sampling stations and for all
the vears studied. - "l”l.l and ““Pu concentrations in the

Table 3. Total potential commitied dose equivalents for orpans
dunng the period 19661980

TOTAL COMMITTED DDSE

ORGAN EQUIVALENT, w8,y
WREAKN ZONE (P) ETATION 2-2
BONE SURFACE 0&56e1 HE167
LUNGE 06L2 \ 18254
LIVER C 1250 : 11878

]

REL BONE MLRROW | CoasC | Caz3e
!
!

GONLDE oocmMm 006ka
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Table 4. Contribution of commitied dose equivalents 1n organ
10 the total potenual commined effective dose equivalent dunin,
the penod 1966- 1980

CONTRIBUTION TO COMMTED

QORGAN EFFECTIVE DOSE, mSv
URBAN ZONE (#) STATION 2-2
BONE SURFACE 00169 Y1625
LUNGS Dozae 2190
LIVE R DO0OTs QOTE
RED BONE MARRDW 00054 0520
GONLDS oo01e 0Cr

air have been found on occasion 10 exceed the detection
Llimit. 1.8 uBg @ m™" (5 % 1077 fCi X m™*). No corrections
were made for the contribution 1o the measurements from
worldwide nuclear weapons fallowt.

The frequency of air samples containing “**Pu and
0P concentrations greater than the detection himit pro-
gressively diminished with time following the accident.
During the period 1970~-76. the frequency of measure-
ments above the detection limit stabilized except for sta-
tion 2-2 in 1974, During this period. agricultural opera-
tions were carned out normally throughout the zone. ea.
ept for @ hilly and uncultivaled parce! near staton
1t was plowed and transformed inio a cultivated 'unrrwl
during 1974,

L)uu'nruz 19771980, there was an increase at sLations
o0 and Poin the m'qwt'r.\r of samples with ““Pu and
“'“F’n concentrauons in the air greater 1 than the delection
hrmit. especially at staton his increase was related
1o the major earth moving activities (Jeveling and terrac-
ing) of land that never had been cultivated (or at least.
never afier the acaident) imo cultivabie land. This land
corresponded 10 the hilly area in zone 2. Analogous
changes were carried out dunng 1979 and 1980 on tracts
of unculuvated land localed in the 20ne near the urban
cen li'

(2) The average annual ***Pu and **°Pu concentra-
on in 1Lhw air during the sampling penods corresponding
10 each of the stations has been below 1Lh|=- DaAC uaw:-m-ril
pubhc) for Class Y Pu compounds [1.2 mBg X m™ (32
fCi x m~?)). Most of them have been below one 1enth of
the DAC (general public): the exceptions correspond 1o
air sampling siation 2-2 (1967 and 1969) and air sampling
station 2-1 (1969).

{3) The average **Pu and *“Pu concentration in air
to which the public living in the urban zone has been
exposed during the 15-y period (1966-1980) is less by a
factor of 4.6 X 107" of the DAC (general public) of Class
Y Pu compounds and by a factor of 1.1 X 107 for those
of Class W

In this urban zone the average annual *Pu and ““Pu
concentrations always were below those corresponding 10
the other sampling stations for the same vear: maximum
concentration was in 1980, with a value of 28 uBg X m™?
(0.76 fCi x m™?),
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(4) At sampling station 2-2, located between culti-
vated parcels near the hilly area and which gave evidence
of higher residual surface contamination, the highest av-
erage annual concentrations have occurred throughout
the period. with the e'm:'m;wic:»n of 1969, ' maximum
concentration occurred in 1967, with a value of 442 uBq
X ™ (11.9 fCi X m™). Thus, most values of these average
annual concentrations always were below a tenth of the
DAC for the public of Class Y Pu compounds.

At this <s.ammplin|g station, the maximum Pu concen.
tration in the air for the entire period was detex 'h::‘d!‘ and
it had a value of 9.3 mBq X m~? (0.2 pCi X m™ %), which
corresponded to a 10-d sampling period during the month
of Auﬁmw 1969,

(5) The contribution of the potential committed
dose equivalents in the organs considered (lungs. bone

surface, liver, red marrow and gonads) 10 the potentiz
cornmitted effective dose equivalent received by |Jll‘t”l|:b|
in the area by mnmmnmnu:s inhalation during the perio.
1966191 EIU i5 S.44 x 107! mSv in the urban zone anc
5.23 % 107" mSv (52.3 mrem) in the 2one correspondin
to the “critical group.”™ These values correspond to §.44¢
and 52.34% of the eflective dose equivalent limit of | m$-
(0.1 rem) per vear, that is 0.36% and J.48% of the wota
effective dose equivalent limit for a | 5.y period.
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EVALUATION OF REMEDIAL ACTIONS TAKEN IN AGRICULTURAL AREA
CONTAMINATED BY TRANSURANIDES -

Emilio Iranzo, Asuncién Espinosa and Emma C. Iranzo

Instituto PRYMA.CIEMAT Madrid, Spain

1. INTRODUCTION

Vth“ 196

In January 1 while flying over Palomares (Almeriam) in

the Southeast of Spain two United States Air Force planes collided while on
a mid-air fuel supply operation. One of the planes carrying four thermonu-
clear weapons, three of which, one imtactlwure found on land in the vecini-
ty of Palomares, 24 hours after the destruction of the planes. The fourth
thermonuclear weapon was found in the Mediterranean Sea in April 7th | ne
parachutes of two bombs did not function, causing the detonation of the
conventional explosives within them. Thus, releasing their fisionable mate-
rial and igniting part of it. The aeroscl formed by the ignition of the fi-

sionable material produced & contaminating clcud which covered 226 hectares

(558 acres) of uncultivated farm and urban land. (See figure 1).

Bomb number 2, for the purpcese of this study, landed about one
mile to the West of Palomares (impact point number 2) and the plutonium -
bearing dust cloud was carried by 30-knot West winds, over non-cultivated

terrain, irrigated fields and the northern edge of the village. The cloud

from impact point 3,located in the east edge of the village, traveled away

from the village but across farmed areas.

An assessment of the situation began shortly after the crash.
Visitle fragments of both, bombs and air crafts were recuperated, procee-

ding to determine the levels of alpha contamination in soil, vegetation,

houses and area residents. Superficial alpha contamination levels were

measured with PAC-1% alpha detectors.

Figure 1 shows the various levels of surface alpha contami
nation produced and the extension corresponding to each level of alpha cone
tamination. The highest levels of contamination were found in non-cultiva-

ted lands located between small hills 1.%00 meters southeast of town.
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Contaminated vegetation was recuperated, treated and considered

as radioactive waste,

Table 1 shows remedial nctions taken regarding the affected
lands according to the kmmwl@ﬂmwlwf the time w0 there would not be any
unacceptable risk in the short and long term contamination of the ¢rops in
the area. Ten centimeters of top soil were removed in the arean were
superficial alpha concentration was 1200 Mmq/mﬂ or higher. This material
was sealed in containers and sent to the United States. Arable land with
levels below 1200 Mmq/ma were wet down, plowed to a 30 om depth, harrowed

and mixed. On rocky hillsides in area 2, where plowing was not possible,

!:|
soil with plutonium level above 120 kBg/m“ was removed in some degree by

hand tools.

TABLE 1., REMEDIAL ACTIONS TAKEN AT PALOMARES

LOCATION

1.6 Ha Removed top 10 om

\F

Impact point 2
Impact point 3 0.5 Ha Removed top 10 om

)

Remainder 224 Ha Plowed to 3C c¢m where possible

Once remedial actions were completed and radioactive wastes
were removed, an experimental radiclegical surveillance program was esta-

blished in order to study long term environmental effects,

Figure 1 show$ the location of the six 50 x 50 m study plots
established in order to comply with the objectives of the short and long

term investigation program on residual plutonium contamination on lands

and their effect over farming crops produced in the areas. These study

een yearly surveyed since cultivaticn began to determine conta

plots have t

. ) 4 . 240, . o \ . .
mination by Pu+“" Pu of agricultural products. However, since the

study plots have not been cultivated yearly due to diverse reasons, since
1976, sampling has been extended to neighboring areas where residual

239, 240, o

“TPus TPy was similar.
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Farming procedures in the area are typical of Mediterranean
agricultura zoneg of scarce yearly precipitation in the order of 200 llma
which require artificisl means of irrigation. Until recent years irrigation
by flooding with water pumped from wells in the area was prevailing system.

Recently, specially, . in the production of tomatoes, melons, e

x. 0 drop to
drop system is used. For cereals and alfalfa flooding procedures and

|mmmmeNM$Jmmwmwuwmmzmymm@hm are still in use.

This report deals mpmﬁifihnlly with the evaluation of the reme
dial actions taken in the grea, throgh the incidence of plutonium contamina-
tion in agriculture products produced in the area, and, therefore, the
risks to individuals derived from the use of this products through their

direct and indirect consumption, ie. anirnal feed.

Towards this end, we shall expose the results of the field
work and their application in order to determine the dose, which has
allowed us to arrive to some conclusions in relation to:

- . . 238 240, , . . . @ s

a) Evolution of Bl Pu concentrations in soil of cultiva-

ted plots.

239 240

b) Concentration of Pu« Pu in the areas main crops (toma=-

toes, barley and alfalfa) through a long period of time,
N R e . 239 240 . ) . ‘
¢) Relation of Pu+ Pu concentrations in soils and vegeta-
tion in order to estimate transference factors due to agricultural practice
typical in the area and its weather conditions.

v . . €39, 240, . s . '
d) Concentration of Pu- Pu in the tetality of annual ecrops
by hectare for each principal crop, and in congideration of the estimated

transference ratios.

e) Collective committed effective dose equivalent, §

70!
resultant from direct ingestion by humans of annual tomato crops by a
cultivated hectare, and in meat, milk of cows, pigs, e%tc. consuming animal

feed from the are

-



f) Collective risk derived from the remedial actions tmken in
the area and deduction of intervention levels towards the application of
these remedial actions in the agricultursal zones and with similar crops

and characteristics as in Palomares, affected by plutonium contaminated

aerosols,

2, FIELD EXPERIMENTS AND RESULTS

The field experimentation carried out along the years and the

results obtained are expounded below.

2.1 PLUTONIUM CONCENTRATION IN SOILS.

The soils of Palomares, according to their petrographical

composition can be classified as lithograywacke-phylloarenite with a 50%

matrix where the granular component (grave-sands) are fragments of roc

mainly shale-type metamorphic rocks.

The average mineralogical composition is: 3 quarz, 39.0%

te-illite, 21.4% carbonates (calcite and dolomite), 3% iron oxides

=

MOSCQVI

and opaque minerals, 1.4% chlorite and 2% vegetable remains. These compoe
nents represent more than 95% of the total mineral composition.
The medium content of organic carbon is 0.27% and humic acids

represent 47% of the total organic carbons.

In order to study the evolution of Plutonium concentration in
the soil due to the agricultural activities in the areas on a long term
basis, six study plots (figure 1) were established. These plots were
designated as 2-1, 2«2, 5«1, 5.2, 3.1, 3«2, In order to determine the con-
centration of plutonium in these plots, periodic sampling has been

conducted since 1966 from nine points along the diagonals, equidistant

from each other. Each soil sample 30 milimever diameter and 4% centime

ter deep divided into five sections (0-%, 5-1%, 25-3% and 35-4%),

Plutonium concentrations in so0il samples represent a total of

2160 analysis. The results have shown that plutonium concentrations.are

heterogenous, but due te farming practices over the years, homogeneity
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is increasing, always showing a slightly variable concentration in the top
soil.

"n " - - ~ 239 240,
Table 2 shows the average concentration of Pu« Pu in each
of the study plots. Due to the fact that plot 2«1 has not been cultivated

the plutonium concentration shown corresponds to the top 5 om,

ion between the size of moil

In all study plots a correl
particles and the concentration of plutonium exist. The largest concentrae
tion corresponds to the fraction between 63 and 250 um. Fractions smaller
than 10 um have only been associated with 15% of the total plutonium acti-
vity, increasing the asscociated percentage in particles of less than S am

in the moere cultivated terrains.,
2.2 PLUTONIUM CONCENTRATIONS IN CULTIVATED CROPS.

The main crops in the awa are tomatoes, barley and alfalfa. In the

past few years the production of water melons and peppers increased. Corn,

beans and cther products are only a small percentage of the areas cropped.
Thus, our mein interest in this report has been the correlation between
plutonium ceoncentrations in scil and contamination of tomateo, barley and

alfaifs crops in the area.

The plan to determine plutonium contamination in the area began
in 1968, It sampled and analyzed agricultural products cultivated in the

plots used to study the evolution of residual plutonium in the seil.

Vegetation sampling took place within an area ofa circunference
of a one meter radius, with a center in each of the nine points in the plot
where the soil samples were taken., Each sample correspond to a =10 kg of
weight. When control of other plets in the zone was established in 1978, a
radon sampling system was implemented taking %-10 kg samples of each part

of the studied plants.

Many years of sampling have demostrated that not all samples

studied, even firom the same plot, present plutonium contamination higher

thar the minimum concentrations detected by our analytical procedures.
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Table 3 shows the number of samples analyzed, the percentage of

those which show higher than minimum detectable concentrationad plutonium and

239 240
e wd w? l.
Pu~

Pu concentration in each of the parts of the agricultural products
controlled; this average concentration corresponds to the results of higher

minimum detectable concentrations.

As a result of the observation of the samples labeled positive
we can deduce that the effect of resuyspension of the plutonium particles
in so0il plays an important role in the contaminatian of agricultural

products cultivated in the area. The highest percentage corresponds to

those parts of the plants which present larger surface or higher posibili-

of retaining superficial particles (tomato leaves, straw and barley
spicules, alfalfa leaves). We shall also considerer important that only €%
of the samples of washed tomatoes show plutonium contamination. Thus, we

considerer that

a great part of the plutonium contamination in these agri-
cultural products is due to the external surface contamination and not by

absorption through the plants'root,

. 239,
show the average concentration of Pu+

o=y

Tatles 4, 5, & and 7

ﬂdLPU in tomatoes, barley and alfalfa, corresponding to the samples taken
through long periods of time in each of the estudy plots and neighdboring
arezs. These tables alsc express the values of soil plant concentraticn
raticos. According to these values, and for each and every crop, we can

decduce the following:

a) Tomatoes,
238 240

The average concentration of Pu+“ "Pu in the edible part
i

o -l P ,
are comprised between C.04 and 0.4% Bqg x kg and are inferior in one

crder of magnitude tc those of the plants, stalk and leaves, which have

230 24C ‘
: . @ . -]
shown concentration of “Fu+ Bg x kg R

Pu in the range of 0.04 to 7

In washed tomatoes, we have found lower p@rw@mtaﬁ

240 ,
Pu is in a range of 0.004 to

e of contaminated samples

oen top of which the concentration of

. .=l
0.24 Bg » ng .

Y : . . ) w g -"‘L
The soil-fruit concentration ratio mre in the range 0.38 x 107 =
. PR S -3
2.70 x 10 ., The soil-plant concentration ratio are between 0.04 x 10
-

~ :
{

and B.24 x 10 7,
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bh) Barley.

. L b, @39, 240, e :

Contamination by Pu- Pu are different in the diverse
parts of the berley plant, which are not generally higher in a scale of

239, 240

magnitude, The average concentration of P+ Pu in the barley grain

ranges between 0,34 and 6.00 Bg x Mﬁmxu In the straw it ranges between

1.35 and 12.%1 Bq = Mmml and in the spicule betweern 0.6%5 and 10.3% Bg x

S

Mmﬁl“

The soil-grain concentration ratios determine range between
- gl « -3 s .
2.9 % 10 to 4.34 x 10 7. For the straw, the soil-straw concentration
3

N n
. o .3 g me e e o .
ratio ranges between 2,14 x 10 to 1.32 x 10 7, For the spicule, which

is the part of the barley plant not used in animal feed. since it is

discarded during the preparation process, the soil-spicule concentration

-
to 1.97 x 107 °.

&

ratios are in the range of 5.8 x 10

¢) Alfalfa.
239 240

The average concentration of Pu«+ Pu corresponding to

samples of edible parts of the alfalfa obtained in the diverse plots of

the area range bhetw 0.90 and 40.30 Bg x kg"”. The values for soil

plants concentration ratios range, except for one sample set, between

1,78 x 10 to 8,2 x 10°°.

The range of values corresponding %te¢ seil plant concentration
e ye] 24
n ) “

, . \ a0 o
with concentrations of Pue” "Pu higher

ratios obtained from the samp]
tharn our detectible minimums, and the percentage of samples with positive
results, included in Table 3, show to our judgement that the resuspension
plays an important role in plutonium contamination in crops produced in

the area of which a significant part is of the external surface type.

As a result of the experimental data collected in the field
work carried cut in the Palomares area, we have concluded that given its
climatcological conditions and the farming procedures used for each type of
crop, the average values of soil-plants concentration ratios are those

expressed in Table 7.



2.3 DOSES DERIVED FROM THE CROPS.

Based on the medium of the data obtained yearly regarding the
productivity of the crops in the Palomares area, it can be deduced that

the annual harvest is the following:

Tomatoes: BQO.000 Kg/Ha

Barley:
Grain: 2.%00 Kg/Ha

Straw: 2.200 Kg/Ha

Alfalfa: 70.000 Kg/Ha

We have considered to take the maximum congservative stand,
which points to the fact that all harvest is contaminated, even though it

has been stated that this is not so.

tive

Table 8 shows the values of the collective committed ef

dose equivalent. These have been determine after considering the average
soll-crop concentration ratios (Table 7), the ingestion to milk trsnsfer
coelficients specified for Terra Code (ref. 1 )} and the highest values
of 8v/Bq ratios (ref, 2 ) for theestimation of the committed effective

5 240, e
Pu+«“""Pu by individuals

dose equivalent by means of the ingestion of °

of different ages. These values are given to crops cultivated in soils

”

with a concentration of 7

-y “

Q.. 24 — " I I _—
'?m$l”Fu of the 2.1 x 10 ; Bg x Kg l order.,

As & result of this finding, the direct ingestion of non -

washed tomatoes produced by hectare, would represent as, a maximum, a

; ’ ; . . m -3
collective committed effective dose equivalent, 5F eyt of 3.0 x 10 " man
Sv x year for adults. The individual dose would be on the order of

W m e -l ‘ 4 . . -
1.% uSv x vear when based on a yearly consumption of 40 Kg of tomatoes,
"A o o ( 1 »

In cultivation of product
& ‘.;

which are used for feeding domestic

240
[ - - . \ . "
Pue Pu contaminaticn considerably

animal in sopils with this degr
decreases the value of the collective dose, SF 707

E,70
for each cultivated hectare, and according to the production of alfalfa or

for the public, since

barley, the collective doses, SF 20
; ; . Lo c m g PR .
of meat by adults, which runs between the range of 0.6 x 10 and 7.9 x

g . -l ‘ . . . .
10 man Sv x year “and the consumption of milk by babies which runs

would be represented by the consumption



- G o

» - .- : .l
betwesn the range of O.4 x 10 mmﬂ 4,7 x 10 mmmxhw'N'wmmw'1.

In conclusion the cultivation of soils with a less degree of
23wpurm$<ﬁu contamination will produce lower values of the collective
ﬂmﬂﬂh“ S. aae dn a proportional factor to the relation of concentrations
of 23¢ Pu4ﬁ£8”u in the soils. Therefore, the collective dose derived from
the cultivated products vould be, at least, a 10 factor lower to thome

expressed in Table & in most of the area.

INCLUSTONS

Field study data obtained through the observation of those
crops cultivated in contaminated soils by plutonium, and which were
subject to the dilution of superficial contamination by ploughing to a

depth of 3040 cm, as a means of remedial action, mllows us to present

the following conclusions:

1) In Mediterranean climetslogical plases with scare precipi-.
tation, the external surface contamination of those products contaminated

by plutonium, by means of resuspension, represents an important process.

‘ , , ‘ , L wd
rop concentration ratios are in the order of 10

L

“he values of the soil.

. — S ‘ . .
for tomato fruit and 10 for the tomato plant and for the diverse

components of barley and alfalfa.

2) Dilution by ploughing and homogenization methods wsed
remedial action in seils with superficial contamination by plutonium on
the 1201200 mBq¢Mw‘rﬂmmmexwmmwmmwnm;1ﬂmmm1hmrcmmﬂnnmmrtrwmﬂed‘hwatmrm for
products used as animal feed, the collective committed effective dose

equivalent, proceeding from the beef ing
]F ]

ET‘?TV estion of animals fed only
L, 7C
with alfalfa or barley (grain and straw) contaminated from these soils,

Y g

) . g m= . -l .
would be, as a meximum, in the order of 10 man Sv x year . After the

ingestion of milk produced by cows fed with those crops, these would range,

‘ . . o g 9
as a maximum, in the same order of magnitude, it is to say, about 10

man Sv x ymmr'ﬁxl%a”l

This would represent a collective effective dose committment

. il , oy - al .
for 10 years in the order of 10 ' man Sv x Ha‘]"
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Those products cultivated for human consumptiorn, as tomatoes,

for instance, in the zones with this range of contamination by plutonium

would represent that for each cultivated hectare, the proceed

ling S

E,70

. , R ) . ) ‘
were in the order of 10 as maximuwn, However, given the assumptions made
from the contamination of the totality of the harvest and the processes to
which these products are subject to before their direct ingestion, it

would not be a scanty observation to considerer m 8, in the order of

» ',VC'
tive dose commitment

wnd] 4
10 MmmlSwaymmﬁdy'mmw~ﬁmw“ the collective eff

£ . .
for 10 years, would be in the order of 1 man Sv by hectare.

The mnnual committed effective dose equivalent to individuals

by the ingestion of tomatoes would be 1.3 udv.

3) TAEA consider 1 man Sv of collective effective dose equiva.ent

commitment as guideline in stablishing exempt quantities and rules for

practical application.

To achieve a collective effective dose commitment no higher

‘ \ . .4 e . . .
than 1 man 5v for 10 years. as a consequence of individual consumption of

feods<uffs cultivated in these soils, it has been deduced:

h (=,
- In

se solls devoted to the culvivation of preducts used as

animal fe

ed,ploughing and homogenization methods up to 3C cm depth are

“icient in soils with surface contamination of plutonium of 1200 kBq|m®

m 2o
BUil

+

Py
Therefore, an Intervention Level of 1200 kBq/m& would be

L . . ) i ) . 4 :

deduced in order to apply this remedial action to extensions of 10 - lﬂb

necrares devoted to this type of crops.

- In soils deveted to the harvest of products for man's direct
.wngestion, it is considered that the ploughing and homegeniza<ion methods
up to a 3¢ cm depth is sufficient remedial action for the application to
soils with a superficial contamination of plutcnium of 120 Kﬂq/ma.

-

Therefore, an Intervention Level of 120 kBg/n° would be the

deduced one in order <o implement this remedial action to extensions up

to 100 hectares devoted to these crops.
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The extension of those contaminmted areas and the value of the
surface contamination will play an important role in the optimization of
the Intervention Levels wich could be applied in the case of an sccident.
Those variations that could emerge 1h the knowledge of the transference
factors and those of the international acceptable norms for determining
the value of the collective dose commitment that establishes the exemption
limit mhoul alseo be. considered.
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GEOCHEMICAL DISTRIBUTION OF PLUTONIUM AND AMERICIUM IN PALOMARES §

E. Iranzo, E, Mingarro, $. Salvador, C.E. Iranzo, and P. Rivas
Junta de Energia Nuclear

(SPAIN)

Abstract. An aerial accident on January 17, 1966, over the Palomares

ria) region, caused four thermonuclear bombs to be dropped, resulting

OIL

(Alme

in

fractionation of two of them and ignition of part of their core components,

The aeroscl created by this accident contaminated 226 hectares of cultiva-

- n

ted and unimproved calcarecus-silicic land.

Soil samples from some chosen parcels were sampled fifteen years after

the

accident to study the geochemical distribution of plutonium and americium.

The soil in each of the parcels of land has been divided into nine parts in

order to analyze the distribution of actinide

s from particles of less than

& microns to those of more than 1 mm in size, with the maximum build-up
falling between 63 and 250 microns. In each of these divisions studies

have been made of the checmical and mineral composition of the soil, and

through radiographic techniques it has been determined that the minerals

most responsible for actinide retention are iron oxides, carbonates and

philleosilicates.

In addition, studies were made to determine the electrochemical potential

and chemical composition of equilibrium waters obtained by maceration

of

s0ils from each parcel. Values for these potentials are hetween 7.6 and

8.4 for pH, between 312 and 344 mV for Eh and between 484 and 2500 uS

for

conductivity. The salinity usually found is partially conditioned by the

brackish waters used for irrigation,



”
- g

1. INTRODUCTION

On January 17, 1966, an aviation accident took place during a supply

flight over the Palomares airspace in the municipality of Cuevas de Alman-

¢
zora, province of Almeria. 7This accident resulted in four thermonuclear
bombs being dropped; two of them had parachutes and were recovered intact,
one in the dry riverbed of the mouth of the Almanzora River, the other in
the sea. Thﬁnﬂmrtm:hmm;ﬁﬂlndﬂmm:mmmmMMQmmﬂmﬂﬂwmﬂﬁmmmm
tation of fissionable fuel with ignition of part of it. The resulting
aerosol was carried by the wind and contaminated, to differing degrees, an
area of 226 hectares comprising brushlands, farmland and urban areas. Most

of the urban area was not contaminated.

Figure 1 shows the contaminated regions defined according to the de-
grees of superficial alpha contamination measured immediately after the

accident.

In places where superficial alpha contamination reached values ex-
- ‘ : .
ceeding 1.2 MBg x m “, the surface layer was removed to a depth of appro-
ximately 10 em, This layer of scoil and contaminated vegetation was provi-

sionally depcsited in a site near impact number 2, packed in steel drums

and later sent to the United $States as radicactive wastes. The rest of the
contaminated region used for agriculture was watered and plowed to a depth
of approximately 30 cm in order to dilute the contaminated soil with clean

soil and thus reduce the concentration of radionuclides on the surface.

This report deals with the studies that have been made to determine
levels of correlation existing between Pu-239 + Pu~240 and Am-241 concen=-
tration and the granulometric, mineralogical and chemical composition of
the seil. These aspects are important for evaluating the risks attending
dispersion of such contaminants through atmospheric re-suspension, erosion

and hydrological movement.



2. METHODOLOGY OF SAMPLING AND ANALYSIS

2.1: Sampling

The samples used in this study were taken from parcels 2-0, 2-2, 3-1,
I

3-2, and %-3B. Their location is indicated in Figure 1.

Parcels 2-2, 3«1, and $-3B are usually cultivated; parcel 2-0 has

been under cultivation for only one year. Parcel 5-3B is situated outside

the area that was initially contaminated.

[he samples were taken in 1981 from regular points distributed along
diagonals on & squared area (%0 x 50 m) of each parcel, to a depth of 1%

om,

2.2. Analyses

Analyses were made of aliquote parts obtained through splitting dry

samples by means of & Centrifugal Sample Divider,

.2.1., Granulometry

The samples were subjected to maceration and ultrasonic separation.
From each sample, eight size fractions were obtained with the following

o~

size intervals: 5 1000-2850-63-40+20-10-% 5 um,

Fractional division of» 63 um particles, after leaching with water
over a mesh of a prescribed size, was carried out by screening asccording to
NLT 104/72 standards (1).

Particles « 63 pm in size were fractionated by the “British Rema" air

clagsifier; mean density was considered to be 2.7 pm/cm™,

Granulometric distribution of components <% um in size was Tound with



a "Coulter TA II" particle counter.

Sherard methodology was used to determine the dispersion index (2).

- -

2.2.2., Americium

The presence of Am-24) was measured by analysis of 15 gr samples

through low-energy photon spectrometry with intrinsic germanium detectors.

2.2.3. Plutonium

The measurement of Pu-239 and Pu-240 was carried out on the same
samples as were proviously used for measuring Am-241, by alpha spectrometry
using silicon block semiconductor detectors. The process calls for prior

acid extraction with 1M HF and 12 N HNO separation of plutonium with

3
DOWEX AG=1X2 (50-100 mesh) resin, and electrodeposit of the evaporated

residue disscolved in HCl and ammonium oxalate, The chemical

resin elu:

yield is measured by addition of Pu-236 as a tracer.

2.2.4, Mineralogical Composition

The mineralogical analysis was carried out through optic microscopy

and X.R diffraction. The second technique was used to analyze each of the

granulometric fractions. The quantitative analysis of the mineral species
was based on the intensity of the most important reflections. The value of

the intensities, I, represents arbitrary units, being 100 the value of I

for the highest reflection intensity in the different granﬁlometric frac-

tions.

2.2

5. Autcradiographies

They were obtained on plastic, type CR-38 (oxydi-2, l-ethanedyl di-g=-



propenyl diester of carbonic acid), placed over thin polished sections of

the granulometric fractions during 32 doys.

2.2,6, Chemical Composition and Physico-chemical Parameters

The cationic and anionic macroconstituents were determined on selid
sample and in water obtained from maceration and leaching of each of the
samples. The techniques used were: Emission spectrometry with plasma
source, ionic cromatography and specific ion electrode, turbidimetry, C-5

analyzer and fluorimetry.

The Eh, pH and conduetivity were determined from soil elutriation

waters.

3. RESULTS AND DIS(

TON

239 240,

. . . . X - 241
The results of the activity concentration of Pu Pu and “ T Am

in the granulometric fractions corresponding to the soil of the selected
parcels and their correlation with the mineralogic and chemical composition

of those soils are discussed in the following paragraphs.

3.1, Pu and Am concentration

- \ . - ) . @39,
Table I shows the concentration and the activity ratios of “7"Pu +
4;!' .‘: [ A

0. . 24l . ‘ . . L ; -
Pu and “""Am in each of the parcels, obtained as the mean value of all

the measur carried out in the granulometric fractions. From th values

we can deduce:

~ The existence of a notable difference between the contamination

levels of parcels 2 and the other lots,

- The Pu/Am ratio in samples from zone 2-2, with values » €, and from

zones 3-2 and 5-3B seem to indicate that a fractioning due to a higher

»
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leaching of Am has occured, given that the theoretical ratio calculated

241
- ‘ : o GodEb . a . - - P q . ”
from the desintegration of © "Pu content in 1966 was 3.0%. In lots, 2-0

and 3-1, the experimental ratio is more or less similar to the theoretical

one.,

« The Pu/Am ratio is almost constant in the different size fractions,

with a coefficient of correlation above 0.98 except in the %-3B sample

where no correlation is nd. Nevertheless, Table 1I shows that in the

¥}

very small sizes (<10 jm) this ratio always increases.

Tables III and IV include the activity concentrations of Pu and Am for

each of the size fractions. These values indicate that:

« Plutonium and americium concentration is maximal in the fractions

from €3 to 250 um, except in sample 5-3B where maximum concentration occurs

in the portion smaller than 5 jum. A second maximum concentration in the 20

to 40 um group was found in samples 3-1 and 3-2.
~ Concentration of plutonium and americium in fractions larger than
€50 um o is much lower that for all the remaining fractions and almost negli-

gitle in comparison,

- In fractions smaller than 250 um, the coefficient of correlation

o

between both actinides and the size of each fraction is greater than +0.7

except in sample 5-38 where it is -0,5.

Tables V and VI show the distribution (per cent) of the plutonium and
americium content of the soil. From this it is deduced that:
- In the parcels of land contaminated by the accident, concentrations

of Pu-239 + Pu-240 and Am-241 activity associated with particles smaller

that 10 um are never greater than 15% of existing activity concentration in
the soil; in parcels 3-1 and 3«2 (heavy cultivation) it is greater than 10%
and in parcels 2-0 and 2-2 it is less than 10%.

In the most heavily cultivated lands, the activity associated with



fractions smaller than & pmois 8.74% maximum, while the less cultivated

lands show a mawimum value of 2.74%.

« For both Pu-239 + Pu-240 and Am-241 the percentages of activity

found in fractions from 40 to 250 um are greater than 75% in parcels 2-0,
&~2, and 3-2. In parcel 3-1, sctivity in the same size group comes to only
about 50%, since an important proportion, about 30%, is found in the par-

ticles between 20 and 40 pm in size.

It is in the range from 83 to 250 um where the greatest proportion is
‘.i [,

found, accounting for over 50% of total activity in the soil.
£ y

- In parcel 5-3B, where contamination has been the consequence of
dispersion of contaminants during the 1% years that have elapsed since the
accident, 57% of Pu-~239 + Pu-240 activity in the so0il is found in fractions

smaller than 5 pm, while the same group shows only 7% of Am-241 activity.

In fractions between 40 and 250 um only 9.83% of plutonium and 16.27%

of amerjicium are found.

- The percentage of Pu-239 + Pu-240 and Am-241 activity found in
fractions larger than 250 um is insignificant compared with the other

fractions.

~ hAn effort was made to cbtain an jdea of the distribution of pluto-
nium and americium in particles smaller than 5 um: ‘mmlng sample 2-0 the
concentration of plutonium was estimated on the basis of e activity in

fractions obtained through sieve analysis by sedimentation, assuming the

aforementioned proportional distribution. The results are shown on Table
VII and it can be deduced that only o,4% of all the plutonium contained in
the sample from parcel 2-0 is contained in fractions smaller than 0,6 um.

3.2. Mineralogical Composition

The samples that were studied are composed of silty sand. The propor-
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tion of sands (t» 63 um) predominates with about 48% against 38% of silt

(63 umat>5 um) and 14% of “clays" (5 um>t).

Tables VIII and IX show the granulometric distributions of the total
sample and the <5 um fraction respectively. Fig. 2A shows the accumula-

ted granuleometric distribution of the samples and Fig. 2B shows the accumu

lated distribution of plutonium. From these figures, the marked relation

between size and plutonium content becomes very evident.

According to the petrographic composition, the samples are classified

as lithograywacke-phylloarenite (3).

Mean composition, estimated by optic microscope is: 40% quartz, 29%

o~ o

muscovite~illite, 2% chlorite, 22% carbonates (calcite and dolomite), 3%

iron oxides and opaque minerals, and 2% vegetal remains. These components

represent more than 95% of the total composition.

Qther components, estimated at less than 1%, are: garnet, plagioclase,
hernblende, pyrcxene, epidote, zoisite, tourmaline, 2zircon, rutile and apa-
tite,

Xe-ray diffraction study of the mineralogical composition of each of

the granulometric fractions are shown in Tables X to XIV.

The general tendency of variations in content in the size fractions,

for each of the mineral components, is the following:

- Chlorite and muscovite-~illite: irregular distribution, maximum

valueg between 20 and &

Q) um.

- Quartz: its content tends to diminish with grain size.

- Calcite:_ distribution reflects both textu

al formg; sparite:
decreases as sizes approach 63 pm; micrite: increases from 63 jpm down to

the finest sizes.
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« Dolomite: idrregular distribution; most frequent maximums found in

sizes over 40 um

In the study of the association between minerals, it was deduced that

the mst signhificant values for the linear coefficient of corrslation were

+0.71 for chlorite-moscovite and -0.64 for quartzedolomite.

The coefficients of correlation between mineral components and plutoe-

nium are listed in Table XV.

According to these coefficients, plutonium will be in some way asso-
ciated with the muscovite-illite in samples 2-0, 3-1 and 3-2; with dolomite
in samples 2-0 and 2-2; and with chlorite in sample 3-1. In sample 5-3B
plutonium would be independent of the mineralogical composition, tending to

an association with calcite.

Coefficients of correlation between americium and mineral components

are analogous.

Fig. 3 present the concentration distributions of plutonium and ameri
cium and mineralogical proportions in the granulometric fractions of the
sample corresponding to parcel 2-0. Here, variations in distribution and
the existing correlation between the distribution of plutonium and amerie
cium and the distribution of muscovite-illite and dolomite can be seen in

more detail.

The autoradiographic analyses yielded the findings seen in the photo-

micreographs presented in Figures 4 and $. The results can be summarized

as follows:

- There is an association between mineral components and plutonium

and americium content of the soil.

- The main concentrations of actinides, estimated from the density
of »< traces, are found in some fragments of iron oxi-hydroxide; a lesser

concentration is found in some carbonate fragments and weak concentrations



in micaceous aggregates. In all of the components indicated, there are
fragments with high relative concentrations and others with weak or nil den

sity of traces, but microscopic analysis did not reveal significant genetic

differences among them,

have

« In the fine fractions (<63 pmdn high concentration impacH

been recorded without being able to identify the mineral support. The

relation between the impact size and effective hydraulic size in the granu

of

-
-3

lometric separation seems to make it necessary to discard the hypothesi

the existence of isolated plutonium oxide particles.

~ Vegetal remains have been found with some actinide concentration.

3.3, Chemical Composition and Physical-~Chemical Parameters

Tables XVI and XVII show the results of chemical analyses of the sam-

ples.

By chemical composition, the samples are classified within the

<

graywacke-lithic group because of their 5i0. and Alwoﬂ content, although
I P -

2

K,0 ard Na,0 contents are the inverse of the mean for this type of rock (3).
& «

Then mean content of organic carbon, 0.27%:0.03 can be considered to

be within the limits of the graywacke sediment type and lower than the

support some kind of vegetation. Humic

average values of scils that

acids represent 47% of total organic carbon.

An analysis of maceration-elutriation waters is found in Table XVIII

and values for Eh, pH and conductivity are included in Table XIX, 1In

keeping with these results, the water from samples 3-1, 3-2, and 5-3B
belongs to the chloro-sulphate group, that of 2-0 teo the bicarbonate group,
and that of 2-2 to the chloride group, according to their positions on the
saline anionic classification diagram (4). From the point of view of ca-

ic; that of

tionic content, the water of samples 2-0 and 2«2 is sodic-pota
3-2 and 5-3F is calcic; and in 3«1 the relative proportions of Na+K, Ca and

Mg cations are practically the same.



The total salinity and ionic content of sample 2-0 are significantly

different than those of samples 3-1, 3-2, and 5-3B. This dilference is
probably due to the brackish character of the waters used for irrigation of

o

the cultivated parcels. In parcel 2-2 the effects of cultivation and irri-

gation are le

s pronounced.

The Eh and pH wmlueﬁ of the semples indicate an oxidizing and slightly
alkaline environment. Eh varies from 312 to 344 mV and pH from 7.6 to 8.43.
Figure 6 shows the region in which the samples are situated on the Eh-pH
diagram in regard to plutonium ion species in solution, in equilibrium with

Pud at 25:C and 1 atmosphere (5).

2(s)

According to the Eh-pH diagram it would seem that we are in the theore

tical region of stability of Pul,, although the equilibrium concentration
5 - G vl i .

with Pu09¢=mmmm in the above-menticned concentration values is higher than
=

the theoretical value. This seems to indicate the presence of other chemi-

cal spec

The content of plutonium in waters and the percentage leached during
maceration and elutriation are shown in Table XX, The values for pluto-
nium leaching are a function of the Eh and pH potentials. Greater leaching

is achieved in the samples that are most oxidized and lower in pH.

4. CONCLUSIONS

The following are the most significant deductions drawn from the ma-

terial presented above:

Ist., Plutonium and ameri

ium content and soil granulometry are
directly associated (coefficient of correlation = 0.75). The maximum con
centrations correspond to fractions ranging between 63 and 250 um. Less
than 1%% of residual plutonium and americium contamination is assocdiated
with the fractions of particles smaller than 10 um. The maximum Pu-23¢

Pu-240 found in the portion smaller than S um corresponds to 9% in heavily
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cultivated soil and 3% in less cultivated soil. The maximum percentages
for Am-241 in the same group smaller than 5 um are analogous in less culti
vated soil and somewhat lower in the heavily cultivated soil.

In parcel 5-3B, which was contaminated well after the accident, Pu-239

+ Pu-240 activity in the fraction smaller than 5 um was 57%.

2nd. The contaminants, plutonium and americium, have been found in
some authigenetic iron oxides, carbonates (dolomite) and muscovite-illite.

The maximum concentrations were found in the iron oxi-hydroxides.

3rd. The plutonium-americium ratio calculated for the different size
-

fractions has a mean value of 3.0+0.2 in parcels 2.0 and 3.1, while for

parcel 2-2 it is 6.720.5 and for parcel 3«2 it is 7.4:0.6. This would seem

to indicate greater mobilization of americium in the latter three parce
which could probably be related to the Eh and pH potentials of the waters
in "equilibrium" with the soil, which in parcels &2-2 and 3-2 create a

slightly more reducing and alkaline environment,

4th. The potenti leaching of plutonium estimated {rom the concen-

trations measured in the maceration-elutriation waters is found in the
N PR . ; . s .

range of 2x10 2lxl0 per cent of the total content in the soil, with

the greater values corresponding to the most oxidized and least alkaline

soils.

ary to continue research aimed mainly at defining

Sth. It is nece

persion since even

the mechanisms of plutonium and americium fixing and di
though the dispersion factor of clays in these soils is very low (0.23),
mobilization of plutonium and americium colloids and complexes remains

unknown.
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MEAN CONCENTRATION OF

Activity Concentration(Bg/g)

Pu AND Am IN THE

SAMPLES

Parce.is

2

d= 2

Jud

32

$--3B

239, 24
l Pu ‘lJPu

1:’4’1 l
hm

42,60
13.86

15.60

2«58

1.08
0,34

1.82
0.32

0.46

0

Q2

Hﬂtxu Pu/ﬂm

1.

3.0+0.2

10

6.7+0.5

ACTIVITY CONCENTRATION RATIC
FRACTIONS

oF

10-2

3,040.2

239

OF
501LS

20=40

7 “l:!:':]‘-»‘fi

240

Pa+ Pu/”

40-63

Py,
HAm

63-250

41.9+27.8

IN STZE

250-1000

TABLE

Il

I. ACTIVITY

Fraction
“Nay,
. Hm
el — <5, 5=
2.0 2.99
2l 9.21
3.1 4,08
3-2 8.80
%38 222

3,80
5.83
3,28
9,33
156.67

CONCENTRATION OF

22

20
3
5.08
2.05

7.38
8.7

o] ".! \:;
|4 e
ST Pue

(Bg/g)

10-20

2.21
6.14
i, .'i”

€.08
9.50

20-40

240

2.93
6.09
2.29
6.50

16.67

Pu

40-63

IN SIZE

3.21
€.10
3,18
"

= e
[

12.86

63-250

FRACTIONS OF

2.80
8.33
2.85
8.89

7.78

250-1000

... Fraction
........___.. mm
Parcel e « 5 510
2-0 8.55 24.57
-2 3.13 3.09
3-1 0.83 0.5%9
3-2 0.86 1.12

£--3B 2.22

0,47

19.83
4.68
0.43
0.59
0.61

15,48
9,33
2.24
1.46

0.57

87.28
29.16
0.80
0.39
0.15

97.13
49.88
.54
5.48
0.08

0.98
0.0%
0.0
0.08
0,07

SOILS
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TABLE IV. ACTIVITY CONCENTRATION OF ‘Am IN SIZE FRACTIONS

OF SOILS, (Ba/g)

Fraction
.., pm
Parcel

20 2. 86
&=2 0.34
0.13
32 0.10
.01

2501000
0.3%
0.00
0.007
0.009
0.009

2040
7. 00
1.%2
0.66
0.21

Q.06

4063

29,77

<8  H.l0 63250
6.30
0.%3
0.18
0.12
0.03

1 0--20
6.15
Q.92
0.21
0.08
C.07

30, 26
8.18
0.80
1,0%
0.007

4,78
0.35
0.086
0.009

240

20
PERCENTAGE DISTRIBUTION OF MJJPU+ Pu IN SIZE FRACTIONS

OF

TABLE V.
S50ILS

-~
-
......
.
-~
.,

.,
"~
~
......

Parcel v, « 910 1020 20-40 40-63 63250 250-1000
=0 &.74 6,07 7.25 21.25% 59,30 0.07
&= 2.57 1.8%3 1.32 7.04 18.18 59.33 0.03
3-1 8,74 6.12 2.12 31.79 3.68 47,22 0.33

TAELE VI

o,

Parcel

.
.,
........
oy,

7.02

56.98

4,58

6.05

. PER CENT DISTRIBUTION OF

Fraction

Ny,

-
________

o Ei

510

10-20

7.08

20,30

0.71

2.88

74,32

€.95%

.51

1 me
JL " L

oy
htlAm IN SIZE FRACTIONS OF 3S0ILS

2040

A0-63

653250

250-1000

20

2=3

2.82
1.68
.82
4,5%

7.02

4,79
1.61
5.97
2.78

8.26

3.17
1.59
3.34
3,95

14,38

10.07
7.03
30.17
6,46

50.46

22.28
18,32
5.2%
0.60

3.86

56,80
69.75
47,94
81,34

12.41

0.07
0.02
0.51
0.32

3.61



TABLE VII. DI
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oF

Perwentmﬁg

STRIBUTION OF THE TOTAL e ACTIVITY IN FRACTIONS <& Jam
SAMPLE

2-0

Activity Concentration
(Bg/g)

5.00 -~ 2,10
2.10 - 1,80
1.80 - Q.87
0.87 « 0,79
0.79 « 0.60

C.60

6.70
Q.76
1.27
0.28
0.54

4.13

10,59
2.84
18.17
16.07
4,13

4,00

TABLE VIII. PER CENT GRANULOMETRIC DISTRIBUTION OF THE SOILS

— Fraction

~.
~
......
-

<5 510

10-20

2040 A0-63 63-250 2501000

» 1000

2=0 13.68 1
2=2 12.76

17.94 )
32 14.91
11.80

TABLE IX., PER CENT

Fraction
., }UT 1
Parcel

T,
o
',
-,

1.0-1.3 1

0.53
7,78
1.36
7.39

5.86

7.14
4,40
5.32
16,46
4

~

o i)

GRANULOWETRIC

OF

 3-1.6

1.6-2.0

10.37

8.71

19.95 2.99
11.7%

15.41

26.01
21.63

20.15

.33
9.26 22.77
20.02
11.86

8.65

5,02 4.78

8.82 3.33

24,80

35,85

12.43

16.23 8.81 8.90

DISTRIBUTION
50ILS

OF THE «% um FRACTION

2.0-2,6 2.6-3.2 3,2-4.]1 4,1-5,1 5,1-6.5

S 7.57
13.91

3-1 28.81

32 26,95
S 3B 33,88

1
17.5%2
10.42

19.07

8.34
4,01

10.87
17,55
7.02
7.82

€,92

15.20
10,16
10.62

12,59

1%.65 12.73
10.83
9.53
10.98

8.22

15.53
10.04
10.07
11.66

8.11

13,11
14.13
7,66
8.50

6.55

9.27
8,77
11.08

8.70 8.58
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TABLE X. MINERALOGICAL COMPOSITION OF

Parcel 2-0

SIZE FRACTIONS

N Moscovite-
0! vy . ‘. i
1 Chlorite Illite Guartz
Y

" # 9 § )
Size umN,  d(A)-14 d(A)=10 A(A)-4.24

Calcite

"'V -y ¥=)
d(A)=3,03

Dolomite

N
d(A)-2.88

100.00 50,70 49.89
1000
‘ 41,30 33,80 100.00
250

80.43 83.43 84,92

63
62.22 100,00 58.09

40
84,78 97.18 55,43

20
58,70 59.62 21.51

10
58.70 T2.24 11.97

)
67.39 46.48 E.65

TABLE XI. MINERALOGICAL DISTRIBUTION OF

Parcel 2.2

69.35

73.99

49,54

39,00

65,33

61.3C

76.78

100,00

20.48

19.58

54.81

100.00

25.90

7.53

10.54

H.42

SIZE FRACTIONS

“, Moscovite-
R . ~y 4 . wyou o ”
\\\ I Chlorite Illite Quartz

“ 9 e o
Size un d(A)-14 AlA)=10 d(A)~4.24

Calcite

H
d(A)-3.03

Dolomaite

9
d{A)-2.88

23,73 24,40 71.52

1000
33,90 32.37 100.00

250
a4,07 35.75% 97.43

63
38.98 92.75 57,60

40

.

L00. 00 100.00 58.10

53.63

38.64

14,52

.
T
43,56

63.70

86.36

50.91

100.00

51l.14

68.18

20
61.02 93.72 80,77 61.59 57.95
10
27.12 33.09 13.08 79.16 39,77
3
37.29 31,64 5.78 100,00 aa
| = reflexion intensity in arbitrary units, taking 100 as the maximum

value of I of the mineral in the X-Ray difraction diagrams.
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Parcel 3.1

MINERALOGICAL DISTRIBUTION OF SI1ZE FRACTIONS

Chlorite

¢
d(A)-14

Moscovite=

Illite

'y
d(A)-10

Quartz

® Y .
d(A)=4.24 d(A)~3,03

calcite

Dolomite
)
d(a)-2,88

1000
250
63
40
20

10

TABLE

~,

o)
.
,
. .
,
"\, [

,
.
N,
“

Size pmN\

XIIX.

3.89

5.63

100.00

6.36

5.65

9.89

13.78

14,19

22.55

£9.30

100,00

6=, 15, ‘:l <9
pe e BN g

890.21

78,30

85,74

64,26

MINERALOGICAL

B85.96

100,00

67.98

64,45

35.08

18,20

11l.84

8,11

58.37

$3.47

€66.12

58.18

58.78

71.43

95.581

100.00

55,23
45, 3%
41,86
100.00
29.65
19.19
27"35

11.63

COMPOSITION OF SIZE FRACTIONS

Parcel 3.2

Chlorite

?
dlA)-14

Illite
N
dlA)-10

Moscovite-

Quartz

P
d(A)-a.24

Calcite

¢
d{A)-3.03

Dolomite

r!?n
d(A)-2.88

1000

250

63

40

20

10

27.5%

31.03

81.03

24.14

93.10

34,48

100.00

58.62

58.26
39.98
99.08
42,20
100.00
66,51
9).74

64,68

99.77

79.25

75.76

100.00

56.88

30.30

14,92

#.39

62.00

57.20

B2.00

56.80

TE.20

83.60

85.20

100,00

16.1%

B5.84

50.66

100.00

40,27

10.62

7.96

4.42
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TABLE XIV.

Parcel

MINERALOGICAL COMPOSITION QF

%--3B

SIZE FRACTIONS

Moscovite-
Illite

£
d(A)-10

Chlorite

)
Size umN, d{A)~14

Quartz

0.
A{A)wd, 24

Calcite

d( A )=3.03

Dolomite

4
d{A)-2.88

53.49 40.51
1000

5l.16 68,56
250

88,37 83,33
63

27.91 46, 30
40

100,00 89,07
20

Q0. 70 100,00
10

78,07 81.48
5

€9.77 74,07

TABLE XV. LINEAR COEFFICIENT OF

62,27

89.64

97.16

100.00

77.29

26.84

15.03

1’ 1 . A 4‘1

2394240

100.00
65.24
35.24
57.14
47.38
55.24
38

62.

71.90

CORRELATION BETWEEN THE
MINERALS

CONCENTRATION OF Pu AND THE
7 - .
\\f Correlated Parameters
239
Faxtel\~ Activity Concentration of " Pu

240
"

Pu Versus

30.00

92. 50

46.67

90,00

71.67

26.67

21.€7

10.00

ACTIVITY

Mineral

‘-!

hlorite Moscovite

Illite

Quartz

Calcite

Dolomite

-0 0.39 0.73
-2 =-0.04 0.03
31 Q.66 0.75
32 0.50 0.66
538 0.15 0.16

.33
0.51
0.06
0.02

), 64

-, 78
), 72
-0.25
0.37

0.84
0.78
0.02
-0 .06
0.31
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TABLE XVI. CHEMICAL COMPOSITION PER CENT OF MACROGONSTITUENTS IN
SAMPLES OF S0ILS
TOTAL SAMPLE

o,

", 1 T =
...... .. Parcels
-

Oxides e 2=0 &2 31 32 &--3B

“SIU? $3.00 58.00 53.00 55,00 56.00
Alzaa 12,10 8.20 13.30 lHTQO 9,00
Cal 10.60 11.80 9,40 9.00 10.80
MgO 2.10 1.60 2,20 2.20 2.00
MnO 0.05% 0.06 0.09 0.07 0.06
FQPDB 4,70 3.60 5. 50 5,10 4,30

c.
Na 0 0. 86 0.53 0.96 0.85 0.63

K,Q 2. 60 1.50 2.70 .60 1.80
<
Ti0O,, 0.60 0.47 0.56 .55 0.51

F',:,O,:> 0,16 0.09 0.19 0.1¢@ 0.12

Yep.C. 13.00 14,00 12.00 12.00 15.00

*). §i0, calculated by difference to 100.
&

**). P.C.: Calcination losts at 9009C during 2 hrs.

TABLE XVII, ADIITIONAL SIGNIFICANT COMPONENTS FROM SAMPLES OF S0ILS

TOTAL SAMFLE

2=0 Qw2 3-1 32 5= 3B

% Total C 3,030 3,730 2.710 2.680 3.500
% Org. C 0.389 0.321 0.226 0.192 0.210
% Total S 0.011  0.022 0.279 0,170 0.247
‘Qﬁ@ajwpm 4,000 4.000 3.000 4,000 4.000
Humic acids ppm 1710 1590 1166 917 1545
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TABLE XVIII., ACTIVITY (leml“malomﬁ) AND TONIC STRENGTH CALCULATED IN
MACERATION-ELUTRIATION WATEPS FROM SAMPLES OF SBOILS

......... 20 2w J1 3 2 B 31

1.04

HCO,™ 2.54 4,56  1.43  1,5:

c1” 0.48 10.71 1%.67 9.49  30.24

NO .,

NO," 0.03  0.01 0.41 0,34 0.12
i@ .,

po " - 0.01
4

.07 0.06 3.54 1.01 2.68

50," 0.59  0.72  6.74 2,47  8.77
Na® 2.25 10.94 10.67 7.44 10,44
K 1.71 1.61  1.93  1.09  2.03
Ca 0.64 0.5 3.07 5,49 4,94

2.30 2.04

p)
Mg~ 0.25 0.79

lonic Strength 8.37 24.18 89.99 57.16 118.81

TABLE XIX. PHYSICAL~CHEMICAL PARAMETERS OF THE SYSTEM WATER/SOIL

-

FROM THE SAMPLES OF SOTL

Eh pH Conductivity
(mV) M5

20 340.4 7,70 484

=2 312.0 8.20 1247
3=l 344.4  7.60 2500
32 328.4 8,43 2330

5-3B 321.4 8,36 2410
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TABLE XX. PLUTONIUM CONCENTRATION IN MACERATION-ELUTRIATION WATERS

-] el
Parcels lF*l.:D? ,(Mol.l l‘. 10 l }' % leached

2-0 250 12 x 107
2= 10 2 x 10
31 10 21 x 107
3.2 5 5 x 107

5. 3B 1 5 x 107
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